Objective: To detect subgroups with different risks at different ages to develop overweight and obese during the adolescence-young adulthood period. Design: Accelerated longitudinal design and developmental trajectory analysis were used. The likelihoods to become overweight (body mass index [BMI] .25 kg/m 2 ) and obese (BMI .30 kg/m 2 ) were assessed across the life course from the ages of 12 to 28 years. Subjects: Adolescent participants aged 12-17 years (n = 4119) identified in the National Longitudinal Survey of Youth 1997 at baseline were followed up to 2008. Results: Seven overweight risk groups (WG) were detected for male and female samples respectively, of which five were closely related to each of the following five periods: (a) middle-school ages (19.7% and 12.6% for male and female, respectively), (b) high-school ages (11.4% and 13.6%, respectively), (c) college ages (12.6% and 9.1%, respectively), (d) post-college ages (11.8% and 10.0%, respectively), and (e) work-family-formation ages (11.0% and 12.9%, respectively); two were nonperiod-specific groups: a permanent low-risk group for both sexes (27.3% for male, 36.4% for female), a growing-risk group for males (6.2%), and a self-limiting risk group for females (5.4%, with the likelihood increasing with age, which peaked at the age of 21 years, and then declined). Likewise, six obesity risk groups (OG) were detected, of which four corresponded to the first four high-risk WG groups. The risk groups were relatively independent of race and educational attainment. Conclusions: Findings of this study imply that five risk groups for weight gain like five consecutive "tests" exist from middle-school period to work-and-family formation. Failure to pass any of these tests in the life course could lead to overweight or obese status. Further research needs to study life-course-specific factors and mechanisms for more effective weight control.
Introduction
Excess weight gain, including overweight and obese among young people, remains a public health challenge that heavily drains limited economic resources. [1] [2] [3] [4] [5] Accumulation of extra fat in the body is associated with a number of diseases, such as type 2 diabetes mellitus, hypertension, and other cardiovascular diseases. 3, [6] [7] [8] Obesity alone is estimated to be responsible for 54,000 to 170,000 extra deaths per year in the United States, particularly deaths from cardiovascular diseases. [8] [9] [10] Adolescence to young adulthood represents a transitional period pivotal in the life course for extra weight gain. This period is characterized with dramatic biological, psychosocial, and behavioral changes that often occur at high and unevenly paced speeds. [11] [12] [13] In addition to physical development, a person in this period typically completes a number of important tasks expected or required by society, including formal education, employment, and family formation. 14, 15 Each of these may present multiple opportunities for different types of risk factors to operate and promote accumulation of extra fat in the body. 12, [16] [17] [18] The impact of race/ethnicity and education may also manifest during this period, with persons of minority status and lower education levels being at greater risk for excess fat. 11, 19 Furthermore, weight gain itself in early periods represents a risk factor for overweight and obesity later in life. 20, 21 Therefore, detecting subgroups at different times and identifying patterns for weight gain across adolescence-young adulthood is of great significance for further etiological and prevention research.
Heterogeneity in weight gain over the life course is emerging as a new focus in research, prevention, and treatment of overweight and obesity. Cross-sectional studies with emphasis on specific developmental periods (eg, early childhood, later childhood, and adulthood) represent a common methodology to acquire data regarding period-specific risks in the life course. 22, 23 However, this cross-sectional design cannot separate the effect of an observed factor from the effect "carried over" from a previous age/period (ie, overweight children maintaining as overweight in adolescence), 20, 21 as well as the effect of birth year or "cohort effect". 1, 17, 24 Longitudinal studies have been used to investigate changes in bodyweight across various age ranges from childhood to adulthood using conventional growth modeling methods. [25] [26] [27] [28] This type of analytical approach assumes the existence of a single developmental curve for the study population, ignoring potential diversities in the pattern of weight gain over time, as indicated by research findings from published studies. [29] [30] [31] [32] Detecting subgroups with distinctive trajectories in weight gain represents a relatively new approach to investigate lifecourse related risks. With seven years (1997) (1998) (1999) (2000) (2001) (2002) (2003) 29 Similar results were also reported in other studies that modeled BMI using this approach. 17, 32 Although findings from the studies described above are promising, the techniques employed in these studies depend on the assumption of the existence of an average BMI curve for individual subgroups. However, findings from these studies clearly indicate even within a "homogeneous" subgroup, the BMI measures of the individual participants crossed the lines for overweight/obese at different times/ ages. Consequently, additional subgroups with distinctive trajectories may exist, but not be detected using this methodology as implied from the study findings we described previously. 29, 31, 32 Even though these studies targeted populations from childhood to adulthood and used data from different sources, the number of BMI subgroups is limited with no explicit linkages to specific life-course periods.
The goal of this study was to detect subgroups related to specific developmental stages in life course with distinctive trajectories of weight gain. Panel data from a national representative sample of youth transitioning from 12 years old through to 28 years old were analyzed. Instead of directly modeling BMI, we modeled the likelihood of becoming overweight and obese during the 17-year period using the same BMI data. We hypothesized the existence of subgroups whose likelihood to become overweight and obese along with age shows distinctive trajectories corresponding to the main changes in life course across the adolescence-emerging adulthood period.
Methods

Data source, participants, and longitudinal design
Data were derived from the NLSY97. Sponsored by the US Department of Labor and based on a national random sample, the NLSY97 recruited subjects aged 12-16 years old by the end of 1996. Data collection was started in 1997. Data were collected by trained staff at the participants' home using the computer-assisted personal interview (CAPI) method. Participants were followed up annually after the baseline survey in 1997. Data from the baseline to the most recent 2008 survey (12 rounds) were used. Among the total 6748 participants of the survey, the 4119 (61.0%) who completed all 12 waves of the survey and provided completed data were included. Our analysis indicated no submit your manuscript | www.dovepress.com
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significance between the participants included in the analysis and the participants lost to follow-up in key variables at the baseline, including BMI (21.8 vs 21.7; P . 0.05) and the ethnic compositions. Significantly more females than males were retained at the 12th round of survey in 2008 (64.2% vs 58.0%; P , 0.01). Since we conducted our analysis by sex, potential selection bias due to this differential attrition by sex was minimized. The NLSY97 included a complementary sample of ethnic minorities. To obtain data representing the US population, data for this subsample were excluded.
With the NLSY97 data, a longitudinal design was devised. This was achieved by rearranging the participants according to the age at survey at each wave of assessment (see Table 1 ). With this design, the youngest age group of the participants at the starting year of NLSY97 was 12 years old (the first number in the column under the year of 1997 in Table 1 ). This design makes it possible to investigate changes from adolescence through young adulthood to cover such important life events as employment and family formation which typically occurs during this period 33 and may have affected weight gain.
Measurement of overweight and obese
To model the likelihood to become overweight and obese, overweight was defined as BMI . 25 (kg/m 2 ) and obese as BMI .30 (kg/m 2 ) respectively; and BMI was computed as the ratio of body weight (in kilograms) over squared body height (in meters). Participants in our analysis ranged from 12 to 28 years old, and we acknowledge the use of adult cutoff points of BMI .25 (kg/m 2 ) for overweight and BMI .30 (kg/m 2 ) for obese.
Demographic and other influential variables
The age of individual participants was computed based on data from the recorded survey date (month, date, and year) and the reported date of birth (month, date, and year) using the SAS macro (SAS Institute, Cary, NC): %macro age(date,birth); floor ((intck('month',&birth,&date)-(day(&date),day(&birth)))/12) %mend age;
The calculated age was normalized (minus its mean and divided by its standard deviation) before it was used in trajectory modeling analysis. The normalization is required to avoid collinearity among the variables derived from age, including age 2 and age 3 that were needed to detect polynomial trajectories with high order (quadratic, cubic) models.
Sex (male and female), race/ethnicity (non-Hispanic White, non-Hispanic black, Hispanic, and others) were assessed using self-reported data. In addition to describing 12  564  564  13  871  41  912  14  892  827  47  1766  15  831  898  863  19  2611  16  686  854  885  826  21  3272  17  269  801  880  904  838  -3692  18  6  643  757  845  892  865  43  4051  19  55  650  784  837  885  841  22  4074  20  37  674  808  861  907  849  35  4171  21  67  661  793  850  890  854  62  4177  22  62  673  787  852  898  855  99  4226  23  42  668  795  848  890  860  85  4188  24  23  678  806  862  897  855  4121  25  33  647  805  856  893  3234  26  31  629  784  855  2299  27  16  613  798  1427  28  10  633  643 Notes: *We used 12 rounds of the nLSY97 data across 12 years from 1997 to 2008, which allows this analysis to examine developmental trajectories in the likelihood of overweight across 17 years from 12 to 28 years of age. The nLSY97 is an ongoing longitudinal panel study that contains a national representative sample of youth 12-16 years of age by the end of 1996. The baseline survey was started in 1997 and follow-up surveys are conducted annually thereafter. The nLSY97 contains a supplementary ethnic minority sample (predominantly non-Hispanic blacks, Hispanics). To better represent the condition in the nation, participants of this supplementary sample were not included in this analysis.
submit your manuscript | www.dovepress.com Dovepress Dovepress the study sample, the variable race/ethnicity was included in trajectory modeling analysis to assess its impact on group membership and developmental trajectories. Educational attainment was determined based on reported data of "the highest grade completed" by tracking participants from the baseline through all follow-up surveys. Participants were categorized into four groups (less than high school, high school, college, and post-college) for analysis with group 1 containing subjects who reported that their highest grade was middle school, group 2 whose highest grade was high school, group 3 whose highest grade was college, and group 4 whose highest schooling was any grades post-college. In addition to describing the sample, this variable was also used as an influential factor in trajectory analysis.
Trajectory modeling
We conducted the statistical analysis using SAS software (version 9.13; SAS Institute). The mixture growth model 34 was used to detect latent subgroups with distinctive developmental trajectories. The modeling analysis was conducted using the PROC TRAJ procedure (SAS Institute). 35 Before modeling analysis, data from the 12 years of survey from 1997 to 2008 were rearranged following the longitudinal design as described in Table 1 to cover an age span of 17 years from 12 to 28 years old. The likelihood of becoming overweight and obese over time/ages was modeled using PROC TRAJ. 35 The Bayesian information criterion (BIC; adding one more group is associated with reductions in BIC for at least five units) 35 was used to determine the number of subgroups. We used a threestep backward procedure established from our previous experience with this method 36, 37 to conduct the modeling analysis.
Step 1, starting a model with a larger number of groups, all being set as cubic polynomial; Step 2, revising the model according to modeled results by reducing the number of groups and/or the order of specific polynomial of each group using BIC criteria and significant test of the estimated model coefficients; and Step 3, inclusion of risk factors and covariates after a trajectory model was successfully established. Start values of the model parameters were applied in Step 3 analysis to ensure the established subgroup models from previous two steps of analysis after influential factors were introduced. 35 We conducted the modeling analysis for males and females respectively to show the risk profile of weight gain across the life course considering developmental differences by sex during the adolescence-young adulthood period. Figure 1A presents the results from the developmental trajectory analysis for males regarding the likelihood to become overweight. Overall, seven groups with distinctive developmental trajectories were detected. These seven overweight risk groups (WG) were: (i) WG1, the middleschool age risk group (19.7%) with the likelihood to become overweight reached 0.90 before the age of 16 years; (ii) WG2, the high-school age risk group (11.4%) with the same likelihood of passing 0.10 before the age of 15 years reached 0.90 after the age of 18 years; (iii) WG3, the college-age risk group (12.6%) with the likelihood passing 0.10 before the age of 18 years and reached 0.90 at the age of 21.5 years; (iv) WG4, the post-college age risk group (11.8%) with the likelihood passing 0.10 prior to the age of 20 years and reached 0.90 by the age of 24 years; (v) WG5, the work-family formation-age risk group (11.0%) with the likelihood passing 0.10 at the age of 23 years and progressively increasing up to 0.88 by the age of 28 years; (vi) WG6, the linear-growing risk group (6.2%) with the likelihood starting at around 0.30-0.40 between the age of 12-13 years and progressively increasing toward overweight at a speed of 0.02% per year; and (vii) WG7, the persistent low-risk group (27.3%) with the likelihood , 0.01 throughout. The percentage of subjects in the first five groups with excess high risk of being overweight accounted for 66.5% of the total sample and 91.5% of subjects who ever became overweight during the period from the age of 12 to 28 years old.
Results
Sample statistics at baseline
Developmental trajectories of overweight
Seven distinct groups were also detected among females ( Figure 1B ), of which six were similar to those observed among males. These similar groups were: (i) WG1 (12.6%, started weight gain at a higher level with quicker progression than males), (ii) WG2 (13.6%, started at a younger age but increased slower than males), (iii) WG3 (9.1%, increased slightly quicker than males), (iv) WG4 (10.0%, almost identical to males), (v) WG5 (12.9%, very similar to that for males), and (vi) WG7 (36.4%, similar to males). Instead of a linear-growing trend as WG6 for males, the risk of females in group WG6 (5.4%) was self-limiting, the likelihood of becoming overweight for this group progressively increased from below 0.10 before 15 years old, peaked at 0.50 at around submit your manuscript | www.dovepress.com Dovepress Dovepress 21-22 years old before it progressively declined, forming a bell-shaped curve. The first five groups with excess risk accounted for 58.2% of the total sample and 95.1% (coincidently the same as that for males) of those who ever became overweight from 12 to 28 years old. Figure 2A presents the results from trajectory analysis modeling the likelihood to become obese among males. A total of six obese risk groups (OG) with distinctive likelihood trajectories were detected: OG1, middle-high school risk group (6.9%); OG2, high school-college risk group (5.2%); OG3, college-and post-college risk group (6.9%); OG4, work and family-formation risk group (7.2%); OG5, self-limiting risk group (4.8%); and OG6, persistent low-risk group (68.9%). Comparison of the obese trajectories with the overweight trajectories in Figure 1A indicate that four high-risk OG groups (OG1 through OG4) were corresponding with the four high-risk WG groups (WG1 through WG4) with a time delay of 1.5-2 years. Six obese risk groups were also detected among females ( Figure 2B ). Likewise, four (OG1 through OG4) of the six OG groups were related to the four WG groups (WG1 through WG4) as shown in Figure 1B . In addition, there were some sex differences in the trajectory patterns, particularly OG4 (work and family formation) and OG5 (self-limiting).
Developmental trajectories of obesity
Factors associated with overweight and obese
Results from trajectory analysis indicated some associations of the two demographic factors (race and education) with the overweight (Table 2 ) and obese risk groups (Table 3) , including the group memberships and the likelihood trajectories. For example, more education reduced the likelihood to be in the high-risk WG1 group for males (model coefficient = -0.289; P , 0.01) and being White increased the likelihood to be in WG1 for females (model coefficient = 1.329; P , 0.01).
Discussion and conclusions
In this study, we systematically modeled the likelihood of becoming overweight and obese among a national random sample of subjects across an age span of 17 years from submit your manuscript | www.dovepress.com Dovepress Dovepress 12 to 28 years old. This is a critical period characterized with rapid and unevenly paced changes and developments in the life course. Data used for this analysis were derived from the NLSY97, a valuable source with annual longitudinal data collection. Using the developmental trajectory analysis method, we detected seven overweight risk subgroups (WG) and six obese risk subgroups (OG) for males and females, respectively. The subgroups are characterized with distinctive group membership probabilities and developmental trajectories. Furthermore, the identified groups with increased risk to develop overweight and obese are closely related to key events in the life course during the period, and the risk groups are less likely to be affected by race/ethnicity and educational attainment. High-risk groups across life course Findings of our study confirmed the conclusion from previous studies that subgroups exist with distinctive developmental trajectories in BMI measures. 25, 29, 31, 32 In addition to such findings, results from our study demonstrate that the risk for extra weight gain is life-course linked. Among the seven WG subgroups, five were closely related to specific age periods, WG1 with increased risk during the middle school ages, WG2 with increased risk during the high school ages, WG3 with increased risk during the college ages, WG4 with increased risk during the post-college ages, and WG5 with increased risk during the work and family-formation ages. Corresponding to the first four high-risk groups from WG1 to WG4, four high-risk obese groups were found. This finding further supports the existence of life course-related subgroups with distinctive patterns of risks for weight gain. Although a number of studies explored time patterns in weight gain using samples across various age spans from birth to adulthood, 1, 17, 24, 26, 27, 29, 30, 32, 38 findings from our study add additional meaning for us to understand life course-linked risk for overweight and obesity. The finding of the five high risk WG groups suggests the need for five consecutive bodyweight tests during the life course. Only if a person passes all five tests, can he or she be risk-free from becoming overweight or obese.
Implementations for prevention intervention
First, findings of this study indicated that only a small portion of US adolescents (27.3% of males and 36.4% of females) can pass the "five tests" through their young adulthood without become overweight and obese. The majority fail the tests. To prevent people from becoming overweight, long-term effort is required at various levels from the nation to communities, families, schools, and individual Americans. Second, targeting high-risk groups by stages in life course could be an ideal strategy for prevention. Findings of our study indicate that at each of the five periods from 12 to 28 years of age, there is a group of subjects who are vulnerable to become overweight and obese. Theoretically, programs may become more efficient and cost-effective by emphasizing strategies to target these at-risk subjects.
Implication for etiological study
Findings of subgroups at risk for becoming overweight and obese at various periods provide a basis supporting studies to examine modifiable factors associated with each risk group. Such studies will provide the data necessary for targeted intervention. As an individual matures from middle school through college, he or she shifts away from the situation where they may consume what the family or school provides, to foods of self-preference (typically those high in calories), [39] [40] [41] [42] from enjoying a naturally balanced movement and sleep lifestyle to sleeping more and moving less, 40, 41, 43 and from passively copying peers to actively following role models, [44] [45] [46] as commonly observed in the United States. After completion of the school education, changes related to employment and family formation may also result in new risk for weight gain, such as marriage, 2, 47 pregnancy and birth of children in women, [48] [49] [50] family and work-related stress, and sedentary work.
In addition to the lifestyle-related risk factors described above, it is also likely that individuals may genetically differ in susceptibility to proweight-gain risks at different periods in life. 51, 52 The detected risk groups were not closely related to race and education, implying the potential interaction of internal biological processes and the living environment. Genetic epidemiological studies suggest that genes, environment and the interaction between the two play a key role in weight gain. 53, 54 Further studies are needed to investigate interactions between genetic factors and life course-linked factors to advance our understanding of the development of overweight and obesity. It is quite likely that the observed risk groups resulted from an interaction between the intrinsic susceptibility to weight gain determined by genes and the life course-linked factors during each of the key five periods.
Limitations
There are several limitations to this study. First, findings we reported in this study were derived using the data among participants who completed all 12 waves of surveys. Although our analysis indicated no difference in BMI assessed at baseline between those who were retained in the study and who were lost to follow-up; developmental trajectories of these participants could not be assessed. Second, the cut-off points (BMI . 25 kg/m 2 for overweight and BMI . 30 kg/m 2 ) for adults were used for participants aged 12-17 years as a proxy. If the Centers for Disease Control and Preventionrecommended cut-off points for children 55, 56 were used, a discontinuity appeared in the estimated risk trajectory before and after the age of 17 years. Despite the fact that adolescents in this age range are physically more close to an adult than to a young child, the issues of misclassification could not be ruled out without more concrete standard, such as dual energy X-ray absorptiometry scans for an objective assessment of excess body fat. Lastly, data from birth to 12 years of age are not available from the NLSY97, which submit your manuscript | www.dovepress.com
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prevented us from investigating a completed trajectory patterns starting from birth. Despite these limitations, this study is the first to model the likelihood of becoming overweight and obese rather than BMI measures with a national and random representative sample. Findings of this study add new data regarding life-course linked risk of overweight gain, and provide fundamental data supporting hypothesis formation to examine risk factors and to devising prevention intervention programs with focus on more specific periods during the life course.
